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ELECTRONIC CIRCUIT, METHOD OF DRIVING ELECTRONIC CIRCUIT, ELECTRO- 
OPTICAL DEVICE, METHOD OF DRIVING ELECTRO-OPTICAL DEVICE, AND 

ELECTRONIC APPARATUS 



BACKGROUND OF THE INVENTION 

Field of Invention 

[0001] The present invention relates to an electronic circuit, a method of driving the 
electronic circuit, an electro-optical device, a method of driving the electro-optical device, 
and an electronic apparatus. 

2. Description of Related Art ^ /w'S 

[0002] In recent years, a screen with higfrllefinition or an enlarged screen has been 

required for an electro-optical device c emprioin g a plurality of electro-optical elements, 

which is widely used as a display device. In response to such requirements, the importance of 

^ includes 

an active matrix driven electro-optical device, which timnp ri sfl s pixel circuits for driving the 
plurality of electro-optical elements, relative to a passive driven electro-optical device has 
increased. However, in order to accomplish realization of a screen with the higher definition 
or an enlarged screen, it is necessary to accurately control each of the electro-optical 
elements. For this purpose, the deviation of the characteristics of active elements constituting 
the pixel circuits must be compensated^^ 

[0003] In order to compensate for the delation of th£ characteristics of active 



*eie«x§nts, the use of a display device (for 

circuits oomfoisin g diode-connected transistors, has been suggested. 



), which has pixel 

[0004] jjapanese Unexamined Patent Application Publication 



No. 1999-272233 



SUMMARY OF THE INVENTION 



[0005] However, a pixel circuit that compensates for the deviation of the 
characteristics of an active element generally QgSpxprioc s four or more transistors, and, as a 



result, the deterioration in yield or aperture ratio occurs. 

[0006] H ie piiM'iil inveiitiun is e u uliivid lu sulve Hie above piubtonG, and- 
Ca* We- ^ 

object of the present inventiorrto provide an electronic circuit, a method of driving the 
electronic circuit, an electro-optical device, a method of driving the electro-optical device, 
and an electronic apparatus capable of reducing the number of transistors constituting a pixel 
circuit or a unit circuit. 



f [0007] A first electronic cir£tait according to th^prcsent invention^ an electronic 

circuit having a plurality of unit circuitsV/he electronic circuit eo foiprising first power source 
linesVeach of the plurality of unit circuits <e p if fpi is ilTgV a first transistor connected in series to 
an electronic element and connected to the first power source lin transistor for 

controlling an electrical connection between a drain of the first transistor and a gate of the 
first transistorj^and a third transistor for controlling an electrical connection between the first 
transistor and a current source outputting a data current for setting an electrical connection 
state of the first transisto ^whcrcm ^t least for part of the time period in which the third 
transistor is in an on state, the first power source line is electrically disconnected from a 
driving potential, and *a*Kl*^rat least for part of the time period in which the third transistor 
is in an off state, a current corresponding to the electrical connection state of the first 
transistor set by the data current flows between the first power source line and the electronic 
element. y CA\ 

[0008] In the above electronic circuit, ^controlling th^electrical connection between 
a drain of the first transistor and a gate of the first transistorX^nclude^a circumstance in 
which the drain of the first transistor is electrically connected to the gate of the first transistor 
through an element, such as the third transistor, or a wiring line, as well as a circumstance in 
which the drain of the first transistor is electrically connected directly to the gate of the first 
transistor. j % / C*~ mc'u^ 

[0009] A second electronic circuit according to the presenrfnvention is an electronic 
circuit having a plurality of unit circuits ^e electronic circuit compr ising^ first power source 
lines; and control circuits, each setting the potential of the first power source line or 
controlling the supply and the disconnection of a driving voltage to the first power source 
lineVeach of the plurality of unit circuits rnmprifsingft a first transistor connected in series to 
an electronic element and connected to the first power source linej^Tsecond transistor for 
controlling an electrical connection between a drain of the first transistor and a gate of the 
first transistorised a third transistor for controlling an electrical connection between the first 
transistor and a current source outputting a data current for setting an electrical connection 
state of the first transisto^wb|lf©ki^t least for part of the time period in which the third 
transistor is in an off state, a current corresponding to the electrical connection state of the 
first transistor set by the data current flows between the first power source line and the 
electronic element. 



[0010] In the above electronic circuit, the^(drain)( ^determined by the conductive 
type of the first transistor and the relative relationship between the potentials of two terminals 
sandwiching a channel of the first transistor when a data current flows through the first 
transistor. For example, when the first transistor is a p type, one terminal having the lower 
potential of the two terminals of the first transistor is used as a^drainK, and when the first 
transistor is an n type, one terminal having the higher potential of the two terminals of the 
first transistor is used as a^(drain^. s> 

[0011] In the above electronic circuit, the ^electronic elemenl)('includ^, for 
example, an electro-optical element, a resistor element, a diode and the like. 




[0012] A third electronic circuit according to the present invention ufan electrical 
circuit having a plurality of unit circuit^^ch of the plurality of unit circuits -eenipi isiilgp a 
first transistor having a first terminal, a second terminal, and a first control terminajj^a second 
transistor having a third terminal and a fourth terminal, the third terminal being connected to 
the first control terminal, the second transistor controlling an electrical connection between 
the second terminal and the third termina^a third transistor having a fifth terminal and a sixth 
terminal, the fifth terminal being connected to the first terminal^ and a capacitive element 
having a seventh terminal and an eighth terming ((he seventh terminal being connected to the 
first control terminal and the third terminal^ x d ie f ek i ^he first terminal is connected to a first 
power source line together with the first terminals of other unit circuits of the plurality of unit 
circuits^ and whuci iifthe electronic circuit ^ G^mprioc s a plurality of control circuits, each 
setting a potential of the first power source line to a plurality of potentials or controlling the 
supply and the disconnection of a driving voltage to the first power source line. 

[0013] The first transistor, the first terminal, the second terminal, and the first 
control terminal as described above correspond to a driving transistor Ql, a source of the 
driving transistor Ql, a drain of the driving transistor Ql, and a gate of the driving transistor 
Ql, respectively, in a pixel circuit as shown in Fig. 3, which shows an embodiment to be 
described^— I*SN* r UU> 

[0014] Further, the second transistor, the third terminal, the fourth terminal, and a 
second control terminal correspond to a transistor Q2, a source of the transistor Q2, a drain of 
the transistor Q2, and a gate of the transistor Q2, respectively. 

[0015] Furthermore, the third transistor, the fifth terminal, the sixth terminal, and a 
third control terminal correspond to a switching transistor Q3, a source of the switching 
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transistor Q3, a drain of the switching transistor Q3, and a gate of the switching transistor Q3, 
respectively. 

[0016] Moreover, the capacitive element, the seventh terminal, and the eighth 
terminal correspond to a holding capacitor Co, a first electrode La of the holding capacitor 
Co, and a second electrode Lb of the holding capacitor Co, respectively. 

[0017] According to such construction, a unit circuit having fewer transistors than 
does a conventional unit circuit can be constructed. ^ CA~ 




[0018] A fourth electronic circuk^ccording to the present invention^ an electrical 
circuit having a plurality of unit circuits^|6ch of the plurality of unit circuits G ompri f 5in^ a^ 
first transistor having a first terminal, a second terminal, and a first control terminal^ second 
transistor having a third terminal and a fourth terminal, the third terminal being connected to 
the first control terminal, the second transistor controlling an electrical connection between 
the second terminal and the third terminaliHhiWrd transistor having a fifth terminal and a sixth 
terminal, the fifth terminal being connected to the first terminal/and a capacitive element 
having a seventh terminal and an eighth terminal, the seventh terminal being connected to the 
first control terminal and the third terming wh c i cin ^he first terminal is connected to a first 
power source line together with the first terminals of other unit circuits of the plurality of unit 
circuits, and z*£ky£& the eighth terminal is connected to a second power source line, which is 
held at a predetermined potential, together with the eighth terminals of other unit circuits of 
the plurality of unit circuits^#$' / $H£^ electronic circuit efjmprwss a plurality of control 
circuits, each setting the potential of the first power source line to a plurality of potentials or 
controlling the supply and the disconnection of a driving voltage to the first power source 
line. 

[0019] According to such construction, it is possible to stably maintain a voltage in 
the capacitive element, as well as to construct a unit circuit having fewer transistors than does 
a conventional unit circuit. 

[0020] In the above electronic circuit, transistors included in each of the unit circuits 

comprise only the first transistor, the second transistor, and the third transistor. *" 

C " 

[0021] v According to such construction, it is possible to construct a unit circuit 

having one fewer transistors than does a conventional unit circuit. 

[0022] In the above electronic circuit, an electronic element is connected to the 

second terminal. 
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[0023] ^According to such construction, it is possible to control the electronic 
element using a circuit having one fewer transistors than does a conventional circuit. 

[0024] In the above electronic circuit, the electronic element may be a current- 
driven element. 

[0025] According to such construction, it is possible to control the current-driven 
element using a circuit having one fewer transistors than does a conventional circuit. 

[0026] In the above electronic circuit, the control circuit may be a fourth transistor 
having a ninth terminal and a tenth terminal. The ninth terminal may be connected to the 
driving voltage, and the tenth terminal may be conne cted to the first power source line. 

[0027] c vVccording to such construction, the control circuit can be easily construct^ 

[0028] A method of driving the first electronic circuit according to the prese 
invention is a method of driving an electronic circuit having a plurality of unit circmtefefBS— f- — 

^ ,\tia ^ * ^./\ r yftx / t -*> 

. electronic circuit oeropriaim Hirst power source linesyfeach of the plurality of unit ■ 

I S ^<c nihprising \a first transistor connected in series to an electronic element and coi 

first power source lin^asecond transistor for controlling an electrical connection between a 

drain of the first transistor and a gate of the first transistorj^and a third transistor for t 

controlling an electrical connection between the first transistor and a current source / ^ 

outputting a data current for setting an electrical connection state of the first transistoir the 

yea* lUiluA^L * * 

method oomprioin gl a first step of switching the third transistor to an on state to supply the 

data current to the first transistor and thus setting the electrical connection state of the first 

transistoij^and a second step of switching the third transistor to an off state and making a 

current corresponding to the electrical connection state of the first transistor flow between the 

first power source line and the electronic elemer^ wherein ^ft least for part of the time period 

in which in the first step the data current is supplied to the first transistor, the first power 

source line is electrically disconnected from a driving voltage^ao d wboroin^ t least for part of 

the time period in which the second step is performed, the driving voltage is applied to either 

the drain of the first transistor or the source of the first transistor through the first power 

source line. / 9 

[0029] A method of driving the second electronic circuit according to the present 

invention is a method of driving an electronic circuit having a plurality of unit circuits]/ iach 

of the plurality of unit circuits exrrnpricing/ a first transistor having a first terminal, a second 

terminal, and a first control terminalj^asecond transistor having a third terminal and a fourth 

terminal, the third terminal being connected to the first control terminal, the fourth terminal 
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being connected to the second terminal/a third transistor having a fifth terminal and a sixth 

1 x ^ ) 

terminal, the fifth terminal being connected to the first teiminaLKand a capacitive element 

having a seventh terminal and an eighth terminal, the seventh terminal being connected to the 

first control terminal and the third teirninajl /vvhereii^ he first terminal is connected to a first 

power source line together with the first terminals of a series of unit circuits of the plurality of 

unit circuitsjrahe method domprioinffi a step of electrically disconnecting the first terminals of 

the series of unit circuits from a driving voltage by electrically disconnecting the first power 

source line from the driving voltage, causing a quantity of charge corresponding to the current 

level of a current flowing through the first transistor to be held in the capacitive element by 

switching the third transistor of each of the series of unit circuits to an on state, and applying 

a voltage corresponding to the quantity of charge to the first control terminal to set an 

electrical connection state between the first terminal and the second terminaljrand a step of 

switching the third transistor to an off state and electrically connecting the first terminal of 



each of the series of unit circuits to the driving voltage. 
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[0030] A method of driving the third electronic circuit according to the pres&nt 
invention^ a method of driving an electronic circuit having a plurality of unit circuitsr pach 
of the plurality of unit circuits ooTiipiibilTgfl a first transistor having a first terminal, a second 
terminal, and a first control terminal^ second transistor having a third terminal and a fourth 
terminal, the third terminal being connected to the first control terminal, the fourth terminal 
being connected to the second terminaj^athird transistor having a fifth terminal and a sixth 
terminal, the fifth terminal being connected to the first terminaj^and a capacitive element 
having a seventh terminal and an eighth terminal, the seventh terminal being connected to the 
first control terminal and the third teiminaj^^pij^^le first terminal ^connected to a first 
power source line together with the first terminals of a series of unit circuits of the plurality of 
v unit circuits, and the eighth terminal is connected to a second power source line together with 
<• the eighth terminals of the series of unit circuits of the plurality of unit circuitgype method 
(jf* ^•^toipri^j]Tg7 a step of electrically disconnecting the first terminals of the series of unit circuits 




from a driving circuits by electrically disconnecting the first power source line from the 
driving voltage, causing a quantity of charge corresponding to the current level of a current 
flowing through the first transistor to be held in the capacitive element by switching the third 
transistor of each of the series of unit circuits to an on state, and applying a voltage 
corresponding to the quantity of charge to the first control terminal to set an electrical 
connection state between the first terminal and the second terminal J^and a step of switching 



alxand 



the third transistor to an off state and electrically connecting the first terminal of each of the 
series of unit circuits to the driving voltage. 

[0031] According to such a method of driving the third electronic circuit, the unit 
circuit may be made to comprise as few transistors as possible. 

[0032] A first electro-optical device according to the present invention's an electro- 
optical device eofflpHSing» a plurality of scannmg^inesra plurality of data lines* a plurality of 
^t, first power source line^and a plurality of unit circuit^ ^ch of the plurality of unit circuits 
-^ compriaing& a first transistor connected in series to an electro-optical element and connected 
to the corresponding first power source line of the plurality of first power source linesj^a~ y 
second transistor for controlling an electrical connection between a drain of the first transistor 
and a gate of the first transisto^and a third transistor for controlling an electrical connection 
between the first transistor and the corresponding data line of the plurality of data lines, the 
third transistor being controlled by a scanning signal supplied through the corresponding 
scanning line of the plurality of scanning line^) ^vlK^<^ y^t least for part of the time period in 
which the third transistor is in an on state, the corresponding first power source line is 
electrically disconnected from a driving voltage and a data current supplied from the 
corresponding data line is made to flow in the first transistor to set the electrical connection 
state of the first transisto^^r^J^^^^ 1 least for part of the time period in which the third 
transistor is in an off state, the driving voltage is applied to either the drain of the first 
transistor or the source of the first transistor, a current corresponding to the electrical 
connection state of the first transistor set by the data current flows between the corresponding 
first power source line and the electro-optical element. 

[0033] In the above electro-optical device, ^controlling the electrical connection 
between a drain of the first transistor and a gate of the first transisto^includes a circumstance 
in which the drain of the first transistor is electrically connected to the gate of the first 
transistor through another transistor, such as the third transistor, or a wire, such as the 
corresponding data line and the like, as well as a circumstance in which the drain of the first 
transistor is electrically connected directly to the gate of the first transistor. CJ ^ |\0 J ^ 

[0034] A second electro-optical device according to the present indention is an 
electro-optical device comprisi ng a plurality of scanning lines, a plurality of data lines, and a 
plurality of unit circufi^j^ach of the plurality of unit circuits cemjmsnTgJ a first transistor 
having a first terminal, a second terminal, and a first control terminaljj^Tsecond transistor 
having a third terminal, a fourth terminal, and a second control terminal, the third terminal 



being connected to the first control terminalira third transistor having a fifth terminal, a sixth 
terminal, and a third control terminal, the fifth terminal being connected to the first terminal, 
the sixth terminal being connected to one data line of the plurality of data lines, the third ^ 
control terminal being connected to one scanning line of the plurality of scanning line^and'a 
capacitive element having a seventh terminal and an eighth terminal, the seventh terminal 
being connected to the first control terminal and the third terminalJfwKSTrm^he first terminal 
is connected to a first power source line together with the first terminals of other unit circuits 
of the plurality of unit circuits^ ftd wherei n^he electro-optical device comprises a plurality of 
control circuits, each setting the potential of the first power source line to a plurality of 
potentials or controlling the supply and the disconnection of a driving voltage to the first 
power source line. ^ ^ 

[0035] A third electro-optical device according to the present invention 



electro-optical device comprising a plurality of scanning lines, a plurality of data lines, and a 
plurality of unit circuit&T|ach of the plurality of unit circuits G flmprioing V a first transistor 
having a first terminal, a second terminal, and a first control terminalj^fsecond transistor 
having a third terminal, a fourth terminal, and a second control terminal, the third terminal 
being connected to the first control terminal, the second transistor controlling an electrical 
connection between the second terminal and the fourth termina j^athird transistor having a 
fifth terminal, a sixth terminal, and a third control terminal, the fifth terminal being connected 
to the first terminal, the sixth terminal being connected to one data line of the plurality of data 
lines, the third control terminal being connected to one scanning line of the plurality of 
scanning line^and a capacitive element having a seventh terminal and an eighth terminal, the 
seventh terminal being connected to the first control terminal and the third terminaif w l i oi cin n 

4 jl 

ihe first terminal is connected to a first power source line together with the first terminals of 
other unit circuits of the plurality of unit circuitsy and whoroin ^ie eighth terminal is 
connected to a second power source line, which is held at a predetermined potential, together 
with the eighth terminals of other unit circuits of the plurality of unit circuitry and wherein £he 



electro-optical device fempffi^a plurality of control circuits, each setting the potential of the 
first power source line to a plurality of potentials or controlling the supply and the 
disconnection of a driving voltage to the first power source line. ia«^ 
[0036] In the above electro-optical device, the unit circuit may be made to c o lnpiis e 
as few transistors as possible. 
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[0037] In the above electro-optical device, it is preferable that transistors in each of 
the unit circuits should e omprioc only the first transistor, the second transistor, and the third 
transistor. 

[0038] In the above electro-optical device, it is preferable that the control circuit be 
a fourth transistor having a ninth terminal and a tenth terminal, the ninth terminal being 
connected to the driving voltage and the tenth terminal being connected to the first power 
source line. 



[0039] According to such construction, the control circuit can be easily constructed. 

[0040] In the above electro-optical device, the electro-optical element may be, for 
example, an EL element. A current-driven element, such as an organic EL element, is 
preferable. 

[0041] A method of driving the first electro-optical device according to the present 
invention is a method of driving an electro-optical device, the electro-optical device 



invention is a method ot driving an electro-optical device, the electro-optical device 

mpriflin^ fa plurality of scanning linesj^aplurality of data linesj'lf plurality of first power^ 
source lines; and a plurality of unit circuit^ ^ich of the plurality of unit circuits eomgnsix igx a 



first transistor connected in series to an electro-optical element and connected to the 
corresponding first power source line of the plurality of first power source lines^5*second 
transistor for controlling an electrical connection between a drain of the first transistor and a 
gate of the first transistoi^ancl a third transistor for controlling an electrical connection 
between the first transistor and the corresponding data line of the plurality of data lines, the 
third transistor being controlled by a scanning signal supplied through the corresponding 
scanning line of the plurality of scanning lineYffhe method eomf&smgx a first step of, when 
the third transistor is in an on state and the corresponding first power source line is 
electrically disconnected from a driving voltage, making a data current supplied from the 
corresponding data line flow through the first transistor to set the electrical connection state 
of the first transisto a second step of, in a state that the third transistor is in an off state 
and the driving voltage is applied to either the drain of the first transistor or the source of the 
first transistor through the corresponding first power source line, making a current 
corresponding to the electrical connection of the first transistor set by the data current flow 
between the corresponding first power source line and the electro-optical element. 

[0042] A method of driving the second electro-optical device according to the 
present invention is a method of driving an electro-optical device having a plurality of unit 
circuits, each of the plurality of unit circuits -^ompi ii>UUj\ a first transistor having a first 

^ c*-v racial*. 
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terminal, a second terminal, and a first control terminaljra second transistor having a third 
terminal, a fourth terminal, and a second control terminal, the third terminal being connected 
to the first control terminal, the fourth terminal being connected to the second terminaljfa" ^ 
third transistor having a fifth terminal, a sixth terminal, and a third control terminal, the fifth 
terminal being connected to the first tenninalj^acapacitive element having a seventh terminal 
and an eighth terminal, the seventh terminal being connected to the first control terminal and 
the third termina^nd'an electro-optical element connected to the second terminal, the sixth 
terminal being connected to one data line of a plurality of data lines, the third control terminal 
being connected to one scanning line of a plurality of scanning line^vhui em jfhe first 
terminal is connected to a first power source line together with the first terminals of other unit 
circuits of the plurality of unit circuit^fihe method eof^prismgl a step of electrically 
disconnecting the first terminals of a series of unit circuits from a driving voltage by 
electrically disconnecting the first power source line from the driving voltage, causing a 
quantity of charge corresponding to the current level of a current flowing through the first 
transistor to be held in the capacitive element by switching the third transistor of each of the 
series of unit circuits to an on state, and applying a voltage corresponding to the quantity of 
charge to the first control terminal to set an electrical connection state between the first 
terminal and the second terminal^nd a step of switching the third transistor to an off state 
and electrically connecting the first terminal of each of the series of unit circuits to the driving 
voltage through the first power source line. / CSt^ 

[0043] A method of driving the third^efectro-optical device according to the present 
invention is a method of driving an electro^ptical device having a plurality of unit circuit^**" 
^ach of the plurality of unit circuits-ecm^tSffl^a first transistor having a first terminal, a 
second terminal, and a first control terminajj^a second transistor having a third terminal, a 
fourth terminal, and a second control terminal, the third terminal being connected to the first 
control terminal, the fourth terminal being connected to the second termina^a third transistor 
having a fifth terminal, a sixth terminal, and a third control terminal, the fifth terminal being 
connected to the first terminajj^ a capacitive element having a seventh terminal and an eighth 
terminal, the seventh terminal being connected to the first control terminal and the third 
terminal^and an electro-optical element connected to the second terminal, the sixth terminal 
being connected to one data line of a plurality of data lines, the third control terminal being 
connected to one scanning line of a plurality of scanning line^ v vhoroin y&e first terminal is 
connected to a first power source line together with the first terminals of other unit circuits of 
the plurality of unit circuits, and the eighth terminal is connected to a second power source 
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line together witKihe eighth terminals of the other unit circuits of the plurality of unit circuits, 
^Lq method eempssiRgPa step of electrically disconnecting the first terminals of a series of 
unit circuits from a driving voltage by electrically disconnecting the first power source line 
from the driving voltage, causing a quantity of charge corresponding to the current level of a 
current flowing through the first transistor to be held in the capacitive element by switching 
the third transistor of each of the series of unit circuits to an on state, and applying a voltage 
corresponding to the quantity of charge to the first control terminal to set an electrical 
connection state between the first terminal and the second terniinajj^nci a step of switching 
the third transistor to an off state and electrically connecting the first terminals of the series of 
unit circuits to the driving voltage through the first power source line. 

[0044] According to the aforementioned method of driving an electro-optical 
device, the deviation of the characteristics of the transistors for determining the current or the 
voltage supplied to the electro-optical elements can be compensated for, and the number of 
transistors included in a pixel circuit can be reduced to as great an extent as possible. 

[0045] A first electronic apparatus according to the present invention is equipped 
with the aforementioned electronic circuit. 

[0046] The aforementioned electronic circuit can be used in a display unit or an 
active driving unit having an active function such as a memory unit in the electronic 
apparatus. 

[0047] A second electronic apparatus according to the present invention is equipped 
with the aforementioned electro-optical device. ■*= r- ~~™^) 

[0048] ^Since the aforementioned electro-optical device can control the states of the 
electro-optical elements with a high degree of accuracy and has a high aperture ratio, it is 
possible to provide an electronic apparatus comprioing a display unit having excellent display 
quality. <: \ £ [^j.- ^ 

[0049] ^-Furthermore, since the number of transistors constituting a pixel circuit is 
reduced to as great an extent as possible in the aforementioned electro-optical device, it is 
possible to reduce the manufacturing costs. 

BRIEF DESCRIPTION OF THE DRAWINGS 



[0050] Fig. 1 is ^circuitry block diagram illustrating a circuit configuration of an 
organic EL display device according to the first embodiment^ # j 

[0051] Fig. 2 is A^rcuitry block diagram illustrating a circuit configuration of a 
display panel part and a data linb^riving circuit according to the first embodiment^ • 
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[0052] Fig. 3 is ^circuit diagram of a pixel circuit according to the first 
embodiment^') 

[0053] Fig. 4 is a timing chart illustrating a method of driving pixel circuits 
according to the first embodimentl^^^ ff * € **~pl^ 

[0054] Fig. 5 is^trtf^itry^Dlock diagram illustrating a circuit configuration of a 
display panel part and a data Tjrfe driving circuit according to the second embodiment^ * 

[0055] Fig. 6 is ^pircuit diagram of a pixel circuit according to the second 
embodiment)^ "> 

[0056] Fig. 7 is a perspective view illustrating a construction of a portable personal 
computer for explaining the third embodiment^- j 

[0057] Fig. 8 is a perspective view illustrating a construction of a mobile telephone 
for explaining the third embodimen^^^-^ 9 a exe^pl^y 

[0058] Fig. 9 is ^ferfeuit diagram illustrating a pixel circuit according to another 
modification ) 

[0059] Fig. 10 is Vcircuit diagram illustrating a pixel circuit according to still 
another modification. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0060] Now, a first embodipa^nt of the present invention will hi described with 
reference to Figs. 1 to 4. Fig. 1 is if circuitryj^kx^k diagram illustrating^ circuit configuration 
of an organic EL display device as ap^etgctro-optical device. Fig. 2 is/£ circuitry block 
diagram illustrating acjj^tril^corifiguration of a display panel part and a data line driving 
circuit. Fig. 3 isl^circuit diagram of a pixel circuit. Fig. 4 is a timing chart describing a 
method of driving the pixel circuit. j^IoAa- 

[0061] An organic EL display device 10 eerfnprico s a signal generating circuit 11, an 
active matrix part 12, a scanning line driving circuit 13, a data line driving circuit 14, and a 
power source line control circuit 15. The signal generating circuit 11, the scanning line 
driving circuit 13, the data line driving circuit 14, and the power source line control circuit 15 
may be constructed using an independent electronic component, respectively. For example, 
the signal generating circuit 11, the scanning line driving circuit 13, the data line driving 
circuit 14, and the power source line control circuit 15 may be constructed using one chip of a 
semiconductor integrated circuit device, respectively. In addition, all or a part of the signal 
generating circuit 11, the scanning line driving circuit 13, the data line driving circuit 14, and 
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the power source line control circuit 15 may be constructed using a programmable IC chip, 
and the functions thereof may be executed by software programs written in the IC chip. 

[0062] The signal generating circuit 1 1 generates scanning control signals and data 
control signals for displaying images in the active matrix part 1 2 based on image data from an 
external device (not shown). Furthermore, the signal generating circuit 11 outputs the 
scanning control signals to the scanning line driving circuit 13 and outputs the data control 
signals to the data line driving circuit 14. Moreover, the signal generating circuit 11 outputs 
timing control signals to the power source line control circuit 15. 

[0063] The active matrix part 12 has pixel circuits 20 as a plurality of unit circuits, 
which are arranged at positions corresponding to the intersection portions of M data lines Xm 
(m = 1 to M, where m is a natural number) extending in a row direction and N scanning lines 
Yn (n = 1 to N, where n is a natural number) extending in a column direction, as shown in 
Fig. 2. Furthermore, a plurality of pixel circuits 20 constitutes one electronic circuit. 

[0064] That is, the respective pixel circuits 20 are connected to the data lines Xm 
extending in the column direction thereof and the scanning lines Yn extending in the row 
direction thereof to form a matrix shape. Furthermore, the respective pixel circuits 20 are 
connected to first power source lines VL1 extending in parallel to the scanning lines Yn. The 
respective first power source lines VL1 are connected through driving- voltage supplying 
transistors Qv to a voltage supply line Lo, which is extended in the column direction of the 
pixel circuits 20 arranged at the right end side of the active matrix part 12 and supplies a 
driving voltage Vdd as a driving voltage. 

[0065] As shown in Fig. 2, each pixel circuit 20 has an organic EL element 21 as an 
electro-optical element or an electronic element whose light-emitting layer is made of an 
organic material. Furthermore, by tuning on the driving-voltage supplying transistors Qv, the 
driving voltage Vdd is supplied to the pixel circuits 20 through the first power source lines 
VL1. Moreover, transistors (which are described later) arranged in the respective pixel 
circuits 20 comprise a TFT (Thin Film Transistor), respectively. 

[0066] The scanning line driving circuit 1 3 selects one scanning line from the N 
scanning lines Yn arranged in the active matrix part 12 based on the scanning control signal 
outputted from the signal generating circuit 1 1 , and then outputs a scanning signal to the 
selected scanning line. C-CLr* b 

[0067] The data line driving circuit 1 4 .c^spm©* a plurality of single line drivers 23 



as shown in Fig. 2. Each of the single line drivers 23 j£ connected to the corresponding data 
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line Xm arranged in the active matrix part 12. The data line driving circuit 14 generates data 
currents Idatal, Idata2, IdataM, respectively, based on the data control signals outputted 
from the signal generating circuit 11. Then, the data line driving circuit 14 outputs the 
generated data currents Idatal, Idata2, — , IdataM to the respective pixel circuits 20. If the 
internal conditions of the pixel circuits are established in accordance with the respective data 
currents Idatal, Idata2, IdataM, the pixel circuits 20 control the driving currents Iel to be 
supplied to the organic EL elements 21 in accordance with current levels of the data currents 
Idatal, Idata2, IdataM. 

[0068] The power source line control circuit 15 is connected to gates of the driving- 
voltage supplying transistors Qv through the power source line control lines F. The power 
source line control circuit 15 generates and supplies power source line control signals SFC to 
determine ON/OFF states of the driving-voltage supplying transistors Qv based on the timing 
control signals outputted from the signal generating circuit 1 1 . 

[0069] In addition, by turning on the driving-voltage supplying transistors Qv, the 
driving voltage Vdd is supplied to the first power source lines VL1, and the driving voltage 
Vdd is supplied to the pixel circuits 20 connected to the first power source lines VL1. 

[0070] Next, the pixel circuits 20 of the organic EL display device 10 will be 
described. ^ frdai*- 

[0071] As shown in Fig. 3, each pixel circuit 20 yfr$algj£ips a driving transistor Ql, a 
transistor Q2, a switching transistor Q3, and a holding capacitor Co. 

[0072] A conductive type of the driving transistor Ql is a p type (p channel). In 
addition, conductive types of the transistor Q2 and the switching transistor Q3 are an n type 
(n channel), respectively. 

[0073] A drain of the driving transistor Ql is connected to an anode (positive 
electrode) of the organic EL element 21 and a drain of the transistor Q2. A cathode (negative 
electrode) of the organic EL element 21 is connected to ground. A source of the transistor Q2 
is connected to a gate of the driving transistor QL A gate of the transistor Q2 is connected to 
a second secondary scanning line Yn2 together with gates of transistors Q2 of other pixel 
circuits 20 arranged in the row direction of the active matrix part 12. 

. [0074] A first electrode La of the holding capacitor Co is connected to the gate of 
the driving transistor Ql, and a second electrode Lb of the holding capacitor Co is connected 
to the source of the driving transistor Ql . 



15 



[0075] The source of the driving transistor Ql is connected to a source of the 
switching transistor Q3. A drain of the switching transistor Q3 is connected to the data line 



Xm. A gate of the switching transistor Q3 is connected to a first secondary scanning line 
Ynl. Furthermore, the first secondary scanning line Ynl and the second secondary scanning 
line Yn2 constitute one scanning line Yn. 

[0076] Furthermore, the source of the driving transistor Ql is connected to the first 
power source line VL1 together with the sources of the driving transistors Ql of other pixel 
circuits 20. The first power source line VL1 is connected to a drain of the driving- voltage 
supplying transistor Qv, which is a tenth terminal. A source of the driving- voltage supplying 
transistor Qv, which is a ninth terminal, is connected to the voltage supply line Lo. 

[0077] A conductive type of the driving- voltage supplying transistor Qv is a p type 
(p channel). The driving- voltage supplying transistor Qv is switched to the electrical 
disconnection state (off state) or the electrical connection state (on state) in accordance with 
the power source line control signal SFC to be supplied from the power source line control 
circuit 15 through the power source line control line F. When the driving- voltage supplying 
transistor Qv is switched into an on state, the driving voltage Vdd is supplied to the driving 
transistor Ql of each pixel circuit 20 connected to the first power source line VL1 to which 
the driving-voltage supplying transistor Qv is connected. 

[0078] Next, a method of driving the pixel circuits 20 constructed as described 
above will be described with reference to Fig. 4. In Fig. 4, a driving cycle Tc means a cycle in 
which the brightness of the organic EL elements 21 is updated once, and normally 
corresponds to a frame period of time. 

[0079] First, as shown in Fig. 4, a data current Idata is supplied from the data line 
driving circuit 14. In this state, a first scanning signal SCI for switching the switching 
transistor Q3 to on state is supplied from the scanning line driving circuit 13 to the gate of the 
switching transistor Q3 through the first secondary scanning line Ynl . Furthermore, at that 
time, a second scanning signal SC2 for switching the transistor Q2 to on state is supplied 
from the scanning line driving circuit 1 3 to the gate of the transistor Q2 through the second 



[0080] By su c h lunffl tUtiOlrVthe switching transistor Q3 and the transistor Q2 
become on state, respectively. Then, the data current Idata flows through the driving 
transistor Ql . In this way, the quantity of charge corresponding to the data current Idata is 
held in the holding capacitor Co, and the electrical connection state between the source and 
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the drain of the driving transistor Ql is determined depending upon a gate voltage Vo 
corresponding to the quantity of charge. 

[0081] Thereafter, the first scanning signal SCI for switching the switching 
transistor Q3 to off state is supplied from the scanning line driving circuit 13 to the gate of the 
switching transistor Q3 through the first secondary scanning line Ynl . Furthermore, at that 
time, the second scanning signal SC2 for switching the transistor Q2 to off state is supplied 
from the scanning line driving circuit 13 to the gate of the transistor Q2 through the second 
secondary scanning line Yn2. ^ 

[0082] By doing so, the switching transistor Q3 and the transistor Q2 become off 
state, respectively, and the data line Xm is electrically disconnected from the driving 
transistor Ql. 

[0083] Furthermore, for the time period in which the data current Idata is supplied . 
to the driving transistor Ql, the driving- voltage supplying transistor Qv is in an off state by 
the power source line control signal SFC, which is supplied from the power source line 
control circuit 1 5 to switch the driving- voltage supplying transistor Qv to off state. 

[0084] Subsequently, the power source line control signal Sv for switching the 
driving- voltage supplying transistor Qv to on state is supplied from the power source line 
control circuit 15 to the gate of the driving- voltage supplying transistor Qv through the power 
source line control line F. Thus, the driving-voltage supplying transistor Qv becomes on 
state, and then the driving voltage Vdd is supplied to the source of the driving transistor Ql. 

[0085] By doing so, the driving current Iel according to the electrical connection 
state set by the data current is supplied to the organic EL element 2 1 , and thus the organic EL 
element 21 emits light. At that time, in order to make the driving current Iel be substantially 
equal to the data current Idata, it is preferable that the driving transistor Ql be set to be driven 
in a saturated area. , 

[0086] As described above, by using the d£ta current Idata as a data signal, the 
deviations of various electrical characteristic parameters of each of the driving transistors Ql, 
such as threshold voltage and gain coefficient, «e compensated^^. 

[0087] Until the driving-voltage supplying transistor Qv is switched into off state, 
the organic EL element 21 continuously emits light with the brightness corresponding to the 
data current Idata. 

[0088] As described above, the number of transistors used in the pixel circuit 20 can 
be reduced by one as compared with the conventional pixel circuit requiring four transistors. 
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Therefore, it is possible to enhance the yield or the aperture ratio in manufacturing transistors 
of the pixel circuit 20. 

[0089] According to the electronic circuit or the electro-optical device of the 
aforementionecL^m^din^ent, the following features can be obtained. c «?* 

[0090]/ ^^IntKis embodiment, each of the pixel circuits 20-e^HpriseB the driving 
transistor Ql , feeOrtfnsistor Q2, the switching transistor Q3, and the holding capacitor Co. In 
addition, the driving- volt age supplying transistors Qv are connected between the first power 
source lines VL1, which supply the driving voltage Vdd for driving the driving transistors Ql, 
and the voltage supply line Lo extending in the column direction of the pixel circuits 20 
provided at the right end side of the active matrix part 12. 

[0091] By such constitution, the number of transistors used in the pixel circuit 20 
can be reduced as compared with a conventional pixel circuit. Therefore, it is possible to 
provide the organic EL display device 10 having pixel circuits suitable for enhancing the yield 
or the aperture ratio in manufacturingJhe transistors. 

lAA/\f^ — 

[0092] Next, a second embodiment according to the present invention will be 
described with reference to Fig. 5. In this embodiment, like reference numerals are attached 
to constructional members similar to those of the first embodiment, and a detailed description 
thereof will thus be omitted.^^^ Q^t^p^y 

[0093] Fig. 5 is Vcircuitry block diagram illustrating a circuit configuration of the 
active matrix part 12a and the data line driving circuit 14 of the organic EL display device 10 
according to the second embodiment. Fig. 6 is Vcircuit diagram of pixel circuits 30 arranged 
in the active matrix part 12a. — a * exemplary 

[0094] The active matrix part 12 is provided with second power source lines VL2 in 
parallel to the first power source lines VL1. As shown in Fig. 6, each of the plurality of 
second power source lines VL2 is connected to the holding capacitor Co of each pixel circuit 
30 and connected to the voltage supply line Lo. frclu 

[0095] As shown in Fig. 6, each pixel circuit 30/p<5i^«s©S'the driving transistor Ql, 
the transistor Q2, the switching transistor Q3, and the holding transistor Co. 

[0096] The drain of the driving transistor Ql is connected to an anode of an organic 
EL element 21 and the drain of the transistor Q2. A cathode of the organic EL element 21 is 
connected to ground. The source of the transistor Q2 is connected to the gate of the driving 
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transistor Ql and the first electrode of the holding capacitor Co. The gate of the transistor Q2 
is connected to the second secondary scanning line Yn2. 

[0097] The second electrode Lb of the holding capacitor Co is connected to the 
second power source line VL2. For this reason, a constant driving voltage is always supplied 
to the holding capacitor Co independently, regardless of on/off states of the driving-voltage 
supplying transistor Qv. 

[0098] As described above, since the second electrode Lb of the holding capacitor is 
connected to the second power source line VL2, the variation in voltage of the holding 
capacitor can be prevented when the data current Idata is supplied to the driving transistor Ql 
and when the driving voltage is applied to the source of the driving transistor Ql . 

[0099] As a result, according to these pixel circuits 30, it is possible to control the 
gray scale in brightness of the organic EL element 21 with a higher accuracy compared with 
the aforementioned first embodiment, as well as to obtain advantages similar to the 
aforementioned first embodiment. 

[0100] The source of the driving transistor Ql is connected to the first power source 
lines VL1 and is also connected to the source of the switching transistor Q3. The drain of the 
switching transistor Q3 is connected to the data line Xm. The gate of the switching transistor 
Q3 is connected to the first secondary scanning line Ynl. 

[0101] Next, a method of driving the pixel circuits 30 constructed as described 
above will be described. 

[0102] First, the data current Idata is supplied from the data line driving circuit 14. 
In this state, the first scanning signal SCI for switching the switching transistor Q3 to on state 
is supplied from the scanning line driving circuit 13 to the gate of the switching transistor Q3 
through the first secondary scanning line Ynl . Furthermore, at that time, the second scanning 
signal SC2 for switching the transistor Q2 to on state is supplied from the scanning line 
driving circuit 13 to the gate of the transistor Q2 through the second secondary scanning line 
Yn2. 

[0103] By doing so, the switching transistor Q3 and the transistor Q2 become on 
state, respectively. Then, the data current Idata flows through the driving transistor Ql and 
the transistor Q2, and the quantity of charge corresponding to the data current Idata is held in 
the holding capacitor Co. 

[0104]. Thus, the electrical connection state between the source and the drain of the 
driving transistor Ql is established. 
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[0105] Thereafter, the first scanning signal SCI for switching the switching 
transistor Q3 to off state is supplied from the scanning line driving circuit 13 to the gate of the 
switching transistor Q3 through the first secondary scanning line Ynl. Furthermore, at that 
time, the second scanning signal SC2 for switching the transistor Q2 to off state is supplied 
from the scanning line driving circuit 13 to the gate of the transistor Q2 through the second 
secondary scanning line Yn2. As a result, the switching transistor Q3 and the transistor Q2 
become off state, respectively, and the driving transistor Ql is electrically disconnected from 
the data line Xm. 

[0106] Furthermore, at least for part of the time period in which the data current 
Idata is supplied to the driving transistor Ql, the driving- voltage supplying transistor Qv is in 
an off state by the power source line control signal SFC, which is supplied from the power 
source line control circuit 1 5 to switch the driving- voltage supplying transistor Qv to off state. 

[0107] Subsequently, the power source line control signal Sv for switching the 
driving-voltage supplying transistor Qv to on state is supplied from the power source line 
control circuit 15 to the gate of the driving-voltage supplying transistor Qv through the power 
source line control line F. By doing so, the driving-voltage supplying transistor Qv is 
switched to on state, and then the driving voltage Vdd is supplied to the source of the driving 
transistor Ql. At that time, since the driving voltage Vdd is always supplied to the second 
electrode Lb of the holding capacitor Co independently, regardless of on/off states of the 
driving- volt age supplying transistor Qv, the variation in voltage of the holding capacitor can 
be prevented when the quantity of charge corresponding to the data current Idata is held in the 
holding capacitor Co and when the driving current Iel is supplied from the driving transistor 
Ql to the organic EL element 21 by switching the driving-voltage supplying transistor Qv to 
on state. Therefore, the driving current Iel corresponding to the voltage Vo held in the 
holding capacitor Co is supplied to the organic EL element. 

l/l/ytlptf^ 

[0108] Next, applications of the organic EL display device 10 as the electro-optical 
device described in the first or second embodiment to electronic apparatuses will be described 
with reference to Figs. 7 and 8. The organic EL display device 10 can apply to a variety of 
electronic apparatuses^suah as a portable personal computer, a mobile telephone, a digital 
camera and the like. 
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[0109] Fig. 7 is a perspective view illustrating a construction of a portable personal 
computer. In Fig. 7, the personal computer 70 compris e s a main body part 72 having a 
keyboard 71, and a display unit 73 using the organic EL display device 10. 

[0110] In this case again, the display unit 73 using the organic EL display device 10 
has advantages similar to those of the aforementioned embodiments. As a result, it is possible 
to provide the mobile type personal computer 70 eoilipiwiilg the organic EL display device 10 
capable of accurately controlling a gray scale in brightness of the organic EL elements 21 and 
improving a yield or aperture ratio. ^C&* '° 

[0111] Fig. 8 is a perspective view illustrating a construction of a mobile telephone. 
In Fig. 8, the mobile telephone 80 comprise s a plurality of manipulation buttons 81, a receiver 
82, a transmitter 83, and a display unit 84 using the organic EL display device 10. In this case 
again, the display unit 84 using the organic EL display device 10 has advantages similar to 
those of the aforementioned embodiments. As a result, it is possible to provide the mobile 
telephone 80 ooirfprisin g the organic EL display device 10 capable of accurately controlling a 
gray scale in brightness of the organic EL elements 21 and improving a yield or aperture ratio. 

[0112] It should be noted that embodiments of the present invention are not limited 
to the embodiments described above, but may be implemented as follows. 

[0113] In the aforementioned embodiments, the conductive types of the driving 
transistors Ql of the pixel circuits 20, 30 are set to be a p type (p channel), and the respective 
conductive types of the transistors Q2 and the switching transistors Q3 are set to be an n type 
(n channel). In addition, the drains of the driving transistors Ql are connected to the anodes 
of the organic EL elements 21 . Furthermore, the cathodes of the organic EL elements 21 are 
connected to ground. 

[0114] On the contrary, the conductive types of the driving transistors Ql may be 
set to be an n type (n channel), and the respective conductive types of the switching 
transistors Q3 and the transistors Q2 may be set to be a p type (p channel). 

[0115] In the above embodiments, although the pixel electrodes are used as the 
anode and a common electrode common to a plurality of pixel is used as the cathode, the 
pixel electrodes may be used as the cathode, and the common electrodes may be established 
as the anode. 

[0116] In the first embodiment and the second embodiment as described above, the 
gates of the switching transistors Q3 included in the pixel circuits are connected to the first 
secondary scanning line Ynl. In addition, the gates of the transistors Q2 are connected to the 
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second secondary scanning line Yn2. Furthermore, the first secondary scanning line Ynl and 
the second secondary scanning line Yn2 constituted the scanning lines Yn. 

[0117] On the contrary, as shown in Fig. 9 or 10, the transistors Q2 and the 
switching transistors Q3 may b e controlled by the common scanning signa l SCI . 

[0118] ^Thus, one scanning line is provided in one pixel circuit, and thus the number 
of wires for every pixel circuit can be reduced, so that it is possible to improve the aperture 
ratio. 

[0119] In the aforementioned embodiments, the driving-voltage supplying 

transistors Qv are used as a control circuit for controlling the supply of the driving voltage 

^ 

Vdd to the pixel circuits. ^^^^ 

[0120] ^ On the contrary, instead of the driving-voltage supplying transistors Qv, 
switches capable of switching between low potential and high potential may be provided. 
Furthermore, a buffer circuit or a voltage follower circuit, including a source follower circuit, 
may be used as the control circuit in order to improve the driving ability thereof. By such 
constitution, it is possible to rapidly supply the driving voltage Vdd to the pixel circuits. 

[0121] Although the voltage supply line Lo is provided at the right end side of the 
active matrix part 12 in the aforementioned embodiments, the voltage supply line Lo is not 
necessarily provided at that position but may be provided, for example, at the left end side of 
the active matrix part 12. 

[0122] The voltage supply line Lo may be provided at the same end side of the 
active matrix part 12 as the scanning line driving circuit 13. 

[0123] The power source line control circuit 15 may be provided at the same end V 
side of the active matrix part 12 as the scanning line driving circuit 13. - J^- ^V\o*>\* 

[0124] Although it is described in the that the present 

invention applies to the organic EL elements/the present invention mayfbe applied to unit 
circuits for driving a variety of electro-optical elements, such as LEDs, FEDs, liquid crystal 
elements, inorganic EL elements, electrophoresis elements, and electron emitting elements, in 
addition to th©-o$ganic EL elements. Furthermore, the present invention may be applied to 
storage devices suoh as RAM (specifically, MRAM) and the like. 




